INTRODUCTION
Cisplatin is an antineoplastic agent often used in malign neoplasms such as those in gastrointestinal systems, urinary system, and head and neck. Although it has successful results against cancer, there are restrictions in clinical use due to serious side effects such as gastrointestinal, peripheral neuropathic, nephropathic, bone marrow toxicity, and ototoxicity [1, 2] . The increase in calcium rate is due to inner cellular calcium channel blockage in cochlear cells in cisplatin-induced ototoxicity; and increase electrolyte in imbalance and lipid peroxidation is due to the disruption in cell membrane, antioxidant system disruption, and emergence of free radicals such as oxygen and nitrogen [3] [4] [5] [6] . As a result of these, progressive and irreversible sensorineural hearing loss in high frequencies and continuous or discontinuous tinnitus develops. In the studies conducted, it was shown that outer hairy cells in cisplatin cochlea, spiral ganglion cells (SGC), and cochlea basal and mid-turn parts in cochlea and Reissner's membrane and stria vascularis are affected [3, 7, 8] .
In literature, different antioxidant agents such as vitamin E [9] , N-acetylcysteine [10] , dexamethasone [11] , lycopene [12] , and Ginkgo biloba [13] used in cisplatin-induced ototoxicity have been mentioned.
Lycopene and G. biloba are also antioxidant agents. G. biloba contains biloba extract, EGb 761, 24% flavone glycosides, 6% terpene lactones, and 7% proanthocyaniclines which are strong antioxidants (14) . In different in vivo and in vitro studies, it was shown that G. biloba prevents oxidative stress and has a role in the cleaning of free radicals [15, 16] .
Ginkgo biloba and Lycopene are Effective on Cisplatin Induced Ototoxicity?
Beta-carotene obtained from lycopene in tomatoes and tropical fruits, vegetables, and microorganisms is a pigment with acyclic isomer [17] . Apart from being an antioxidant scavenger, lycopene is also responsible for proinflammatory inhibition.
The aim of this study is to investigate the protective effects of lycopene and G. biloba in cisplatin-induced ototoxicity and compare their advantages over each other.
MATERIALS and METHODS

Animals and Groups
In this study, 32 healthy, 5-to 17-mo-old, adult male Wistar Hannover rats weighing between 460 and 550 g (mean: 510 g) were used. After transportation, the animals were maintained in the central animal laboratory for 10 days. All rats had free access to commercial food and water and were maintained in an environment with controlled temperature (25°C-27°C) and 11/12-hour dark and light cycles. All rats were evaluated by microscopic examination before the distortion product otoacoustic emission (DPOAE) testing. Animals that had ear disease and tympanic membrane problems were excluded.
The rats with normal hearing were divided into four groups randomly as control (group 1 (n=8)), cisplatin (group 2 (n=8)), G. biloba (group 3 (n=8)), and lycopene group (group 4 (n=8)). Group 1 received single intraperitoneal injection of 1 mL of saline and served as a control group. Groups 2 to 4 received a single dose of 12 mg/kg cisplatin (cisplatin, Koçak Farma, İstanbul, Turkey) intraperitoneally; group 2 served as positive control group. In group 3, 20 mg/kg lycopene (Lycopene, Health Products, China) in 1 mg/kg olive oil administrated by gavage daily for 15 days following cisplatin injections. Group 4 was given 100 mg/kg G. biloba extract (G. biloba leaf extract, Solgar, İstanbul, Turkey) with gavage daily.
Anesthesia
All rats were anesthetized with ketamine hydrochloride (50 mg/kg) and xylazine (10 mg/kg) by intraperitoneal injections. Controlling the depth of anesthesia was determined with pedal reflex. During the experiment, half dose of these anesthetic agents was used, if required. Body temperature was maintained with warm animal blanket.
DPOAE test
Distortion product otoacoustic emission (DPOAE) measurements were made using the Otometrics Madsen Capella DP + TE analyzer (MADSEN Capella 2 ; GN Otometrics, ICS Medical, Chicago USA) that works under the OTOsuite software platform. DPOAE measurements were determined as DP-grams. The intensity levels of the DPOAE measurements were recorded as L1 for the f1 frequency (65 dB SPL) and L2 for the f2 frequency (55 dB SPL). (f2/f1 ratio = 1.22). DPOAE measurements recorded the following frequencies: 996, 1416, 2001, 2832, 4003, 4755, 5654, 6728, and 7998 Hz. Because of the internal noise, frequencies less than 1 kHz were not recorded. DPOAE testing was considered positive for signal-to-noise ratio of 5 dB SPL.
Histopathological Study
Distortion product otoacoustic emission test was repeated on day 15 in all groups, and immediately after that, euthanasia was performed and cochleas were dissected. Cochleas were kept in 10% formalin and fixation was provided. They were decalcified in 10% ethylenediaminetetraacetic acid (EDTA) solution after operation. Specimens were prepared with paraffin blocks, pathologist took serial longitudinal cross-sections one blinded, and the specimens were histopathologically examined with terminal deoxynucleotidyl transferase dUTP nick end labeling (TUNEL) method.
Statistical Analysis
Data were analyzed using the Statistical Package for Social Sciences (SPSS version 22 Inc.; IBM Corp., Chicago, IL, USA). Also, data (mean decibels of each individual DPOAE frequencies) were compared between groups with one-way ANOVA test. All differences associated with a chance probability of 0.05 or less were considered statistically significant.
RESULTS
Histomorphologic Results
When the cochlea dissection of rats was examined, low expression was observed in organ of corti inner and outer hair cells in control, G. biloba, and lycopene groups as a result of TUNEL staining. A statistically significant difference was not observed among these three groups in TUNEL-positive cell numbers ( Figure 1 ).
While strong expression in inner and outer hairy cells of organ of corti was observed in the cisplatin group, cells showing a rather strong TUNEL-positive reaction were detected (Figure 2 ). Negative neurons in spiral ganglions and strong TUNEL-positive neurons in cisplatin, G. biloba, and lycopene groups stood out.
While 2.3% TUNEL-positive inner and outer hairy cells in cochlea cross-sections were observed in the control group, it was 2.6% and 2.5% in the G. biloba and lycopene groups, and no significant difference was observed among the three groups. This ratio was 1.5% in the cisplatin group, which was statistically significantly higher than the other groups.
Spiral ganglion ratio was 4.4% in the control group, 21% in the G. biloba group, and 20.5% in the lycopene group, whereas it was 23% in the cisplatin group. Significantly high spiral ganglion damage was observed in other groups compared with the control group.
DPOAE Measurement Results
Mean decibels of each individual DPOAE frequencies were compared between groups, and statistically significant differences were present in all frequencies in the cisplatin group compared with other groups.
While DP-grams were observed to be lower in the cisplatin group, they were significantly higher in the other groups. No significant difference in DP-grams was observed in the G. biloba and the lycopene groups when compared with the rats without cisplatin treatment (Figure 3 ).
The interesting fact is that while lycopene was more effective in low frequencies (996, 1416, 2001 , 2832, 4003 Hz), G. biloba had a more significant effect in higher frequencies (5654, 6728, 7998 Hz) (Figure 4 ).
Statistical Analyses
Mean decibels of each individual DPOAE frequencies were compared between groups with one-way ANOVA test. Group 2 had significantly higher mean decibel at a frequency of 4003 Hz, when compared with other groups (degree of freedom=3, p=0.022). There were no statistically significant differences between groups at other levels of DPOAE frequencies, ranging from 996 to 7998 (Table 1) .
Mean decibels of each individual DPOAE frequencies were compared between groups with one-way ANOVA test. However, there were no statistically significant differences between two treatment branches in terms of therapeutic effect (Table 2 ).
In conclusion, G. biloba and lycopene treatments showed beneficial outcomes in rats treated with cisplatin to induce experimental ototoxicity, as assessed by DPOAE at different frequencies. However, the results were statistically significant only at a frequency of 4003 Hz, and these two treatment branches were not superior to the other. Our results should be further consolidated with large-scale controlled studies to clearly delineate the effect of G. biloba and lycopene on reversing chemotherapy-induced ototoxicity. 
DISCUSSION
In this study, we attempted to demonstrate whether there was a relationship between cisplatin-induced ototoxicity and G. biloba, lycopene.
The main targets of cisplatin cover three main areas: hairy cells of organ of corti, SGCs, and stria vascularis. The cells in these three areas are damaged because of the apoptosis by free oxygen radicals caused by cisplatin [7] .
Cisplatin-related hearing losses start in 3 to 4 days after the first dose and generally occurs more at higher frequencies. It may be a temporary or a permanent loss. It is observed bilaterally in general [18] . In a study by Pollera et al. [19] , the hearing loss after the first dose of cisplatin occurred in the first 48 h and above 4 kHz. Cisplatin ototoxicity starts on the third day and reaches the maximum level on the 10 th day [20] . In our study, DPOAE measurements were made on the 15 th day after cisplatin was given. When the DPOAE measurements were compared with baseline values, we demonstrated cisplatin-induced ototoxicity between 1 and8 kHz in line with the literature.
The cisplatin dose aimed in this study was determined according to the Cardinaal et al. [21] study. Cardinaal et al. [21] proved that ototoxic effect was not observed up to 10 mg/kg cumulative cisplatin dose and it was effective over this dose. It was shown that cisplatin-induced ototoxicity was effective when at least 1.5 mg/kg/day dose was applied for 8 days (cumulative dose 12 mg/kg). In our study, rats received a single dose of 12 mg/kg cisplatin intraperitoneally. We used DPOAEs to show the ototoxic effect in cochlea. Different agents were used in different studies over the years to provide protection against cisplatin ototoxicity. Materials with antioxidant effects were examined in the first place. N-acetylcysteine, vitamin E, aminoguadine, Korean red ginseng, G. biloba, and lycopene are antioxidants that were used to prevent or decrease cisplatin-induced ototoxicity in animal experiments [22] [23] [24] [25] [26] [27] [28] .
Huang et al. [27] examined the effect of G. biloba in cisplatin-induced ototoxicity by auditory brainstem response (ABR). While a significant shift was observed in ABR values in rats untreated with G. biloba, a significant shift was not observed in ABR test in the treated rats. Again, while a significant loss was observed in outer hairy cells in electron microscopy in the same study, outer hairy cells remained intact in those undergoing G. biloba treatment. In our study, hearing thresholds were in a better condition in G. biloba using rats when compared with those not undergoing treatment. Also, in our study, low expression was observed in inner and outer hairy cells of organs of corti in G. biloba using rats and that these cells were protected, and apoptotic outer cells less than non-treatment group.
In a study by Ozkırıs et al. [12] , outer hairy cell number was preserved in rats using lycopene in cisplatin-induced ototoxicity, and higher DP-gram values were present in DPOAE measurements when compared with cisplatin group not undergoing treatment.
Parallel to this, low expression in inner and outer hairy cells of organs of corti in rats undergoing lycopene treatment and preservation of cells was observed in our study. It was observed to be significantly higher in DPOAE measurements.
In our study, there was much difference in the number of stained SGCs between group 1 and groups 3 and 4. SGCs are degenerative and did not survive. Because when SGCs are damaged, satellite and Schwan cells around the neuron are also damaged. In this study, hair cells were protected from apoptosis by G. biloba and lycopene. But in literature, studies show that SGCs cannot survive, unlike hair cells. Animal studies and models show that that supporting cell dysfunction can cause SGC degeneration in the absence of hair cell pathology.
In the animal study conducted by Sugawara et al. [29] , there was a correlation between supporting cells and SGC dead cells. In another animal study, Gurgen et al. [30] showed that SGC degeneration independently formed hair cells. The human temporal bone study by Suzuka and Schuknecht [31] demonstrated the same. With these studies, it can be suggested that cochlea may be mediated by supporting cells instead of hair cells.
This study shows that lycopene and G. biloba extract decreased ototoxicity in cisplatin-induced ototoxic rats, and cell protective effect was observed in cochlea. While no significant difference was observed between cell protective characteristics of both the agents, G. biloba was more significantly effective at higher frequencies (5654, 6728, 7998 Hz), whereas lycopene was more effective at low frequencies in DPOAE measurements (996, 1416, 2001 , 2832, 4003 Hz).
We want to discover that which agent was more effective at cisplatin ototoxicity. But we found that both of them are together more beneficial in ototoxicity. They are antioxidant and inhibit mitochondrial apoptosis pathways. Lycopene is obtained from vegetables easily, such as a diet rich in carotenoid-containing food such as tomatoes. Patients can organize their diet this way.
The main limitation of our study was the relatively small size of our series. Our study findings may potentially have been influenced by rat's confounding factors. Finally, this was a single-institution study. Because of these restrictions, associations should be interpreted with caution. Although we still consider our results as preliminary, they warrant a larger comprehensive study, one that would include more animals or human studies to evaluate more precisely the role of G. biloba and lycopene.
Further randomized, prospective, controlled trials on larger series are necessary for making more precise interpretations.
CONCLUSION
This experimental animal study made us consider that lycopene and G. biloba may constitute a better choice protecting outer hairy cells in cisplatin-induced ototoxicity and have a complementary effect at both low and high frequencies when used together.
Ethics Committee Approval: Ethics committee approval was received for this study from the ethics committee of the Institutional Animal Care and Use Committee Review Board at Kocaeli University Medical Center (KOÜ HADYEK-1/9-14). The animals were treated in accordance with protocols approved by this committee.
Informed Consent: N/A
Peer-review: Externally peer-reviewed.
